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Abstract 
In this paper a heuristic algorithm is proposed for assigning light trail in a WDM mesh topology. For the given network and 
connection requests, a minimum number of light trail is to be assigned such that all the given connection requests are satisfied. 
The approach is divided into three parts. First a Hamiltonian path is found and two light trails are set up along this path, one in 
the direct direction and other in the reverse direction. Next the traffic matrix (connection request) is divided into two matrices, 
called downstream matrix and upstream matrix. Next the traffic flow of the downstream matrix using direct light trail is satisfied. 
Then the upstream matrix using the reverse light trail is satisfied. This minimises the flow time and the number of light trail 
assigned to be two. The time complexity of the heuristic is computed to be O(n2), where n is the number of nodes in the network. 
Major limitation of the presented heuristic is that it works only for topologies which have a Hamiltonian path in it. 
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1. Introduction 
Light trail is an optical bus between two nodes of the network [1]. The first node is called the convener node and the 
last node is called the end node. The intermediate nodes can also access the bus, i.e. any two nodes within the light 
trail can communicate. In our proposed heuristic, we take advantage of above said property of light trail, and use 
only one light trail to satisfy all the connection requests.  The main difference between light path and light trail is 
that light trail supports many communications provided that the source and destination are in between the convener 
node and the end node of the light trail. There are two routing directions within a light trail, one is downstream and 
other is upstream (Fig. 1). The architecture, hardware and the protocols for light trail is explained in [1]. 
 
Fig. 1 Light trail of n nodes 
An upstream node can send data to any downstream node, and a downstream node only accepts those packets 
destined to it. At each intermediate node, this is achieved by splitting a percentage of optical power and detecting 
the optical signals using a transponder. Meanwhile, the rest of the optical signals continue to propagate along the 
light-trail.  A signalling mechanism is used to ensure conflict-free communications among the nodes. Such a light-
trail architecture is based on mature optical technologies. It improves wavelength utilization without using optical 
buffers, fast optical switching and O-E-O conversions at the intermediate nodes. Due to the power loss caused by 
splitting at each hop, the length of light trail is limited and is expected to be not more than 5 hops [2]. 
 There are two types of light trail assignment. The first is static light trail assignment in which the entire traffic 
matrix (connection request) is known before hand. The other is dynamic light trail assignment in which connection 
request comes one at a time and a light trail is assigned for it. 
The existing algorithms either assign a light trail for every connection request or apply some techniques to use 
minimum number of light trails. Gumaste and Palacharla [3] proposed a number of light trail assignment algorithms. 
One of them is known as heavily loaded precedence scheme (HLPS) which selects a largest flow from traffic matrix 
and assign a light trail to this flow, all the connection request lying within this light trail is satisfied. This keeps 
repeating until there is no other connection request. In per node precedence assignment (PNPS), one light trail at 
every node is created, and then the flow beginning from those nodes is mapped onto the light trails. Longest pair 
heaviest load assignment (LPHL) is similar to HLPS except that two factors - heaviest flow and longest path are 
considered to assign a light trail until all the connection requests are satisfied. Wu and Yeung [4] proposed another 
algorithm which is known as LTA. It is based on Floyd-Warshall algorithm, breadth first search algorithm and a 
packing scheme to assign light trails.  Floyd-Warshall algorithm is used to calculate all pair shortest path matrix. N 
solutions are obtained based on each reference node.  Light trails are determined from a packing scheme. The final 
solution is chosen from N solutions to minimise the number of light trail required. 
A network having number of nodes greater than or equal to three and degree of at least n/2 contains a 
Hamiltonian path [5]. Hamiltonian path is an open walk which traverses every vertex of a graph exactly once [6]. 
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In this paper a heuristic algorithm is proposed to satisfy all the connection requests using only two light trails. One is 
direct light trail and the other one is reverse light trail as explained in Fig. 2. 
 
Fig. 2 Direct light trail and reverse light trail 
The paper is organized as follows. Section 2 illustrates the problem statement and a brief outline of the solution. 
Section 3 proposes the heuristic algorithm. Section 4 includes complexity analysis and its correctness. Section 5 
includes the performance of the heuristic algorithm and complexity comparison with other existing algorithms. 
2. Static Light Trail Assignment (SLTA) Problem 
In this section we formally define the task of static light trail assignment and give a brief outline of the solution of 
the problem. 
2.1 Problem Statement 
Given the physical topology of a network which has a Hamiltonian path and a set of traffic flow (connection 
request), the problem is to assign a  light trail such that all the traffic flow are satisfied, subject to the condition that 
(i) no two nodes transmit at the same time and (ii) upstream and downstream connections cannot exist 
simultaneously. 
 
2.2 Overview of the solution 
The solution is achieved in three steps: 
Step 1: Finding a Hamiltonian path in the network and assigning two light trails: one using direct path and other 
using the reverse path. 
Step 2: Dividing the set of traffic flow into two. The downstream set consists of all the downstream flows and the 
upstream set consists of all the upstream flows. 
Step 3:  Considering the downstream set, satisfy all the downstream flows one by one. Next considering the 
upstream set, satisfy all the upstream requests one by one. 
This reduces the overhead of cancelling existing connection or creating a new light trail for every change in 
direction of downstream or upstream flow. 
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3. The Proposed Heuristic 
Algorithm SLTA 
Input: Adjacency matrix of the physical topology, traffic-flow-matrix. 
Output: A light trail which satisfies the traffic flow. 
Temporary variables: vertex_set array, degree array, node_u, node_v, downstream-matrix, upstream-matrix 
 
/*   The size of vertex_set array is n, where n is the number of nodes in the graph. The cell position of the 
vertex_array represents vertex number of the graph. 
 The size of degree array is n, where n is the number of nodes in the graph. The cell position of the degree 
array represents the degree of that vertex number of the graph. 
 Variable node_u stores the node number of the node having smallest degree. 
 Variable node_v stores the node number of the node which is adjacent to node_u. 
 The size of downstream-matrix is c, where c is the number of traffic flow and stores the source and 
destination pairs of each downstream traffic flow. 
 The size of upstream-matrix is c, where c is the number of traffic flow and stores the source and destination 
pairs of each upstream traffic flow. 
*/ 
 
// assigning the light trail 
Step 1: Repeat for every node in vertex_array 
 1.1: Find the degree of each node by counting the number of 1's in corresponding row of the          
adjacency matrix. 
 1.2: Store in appropriate cell of degree array 
Step 2: Choose a node node_u from vertex_set having smallest degree. 
Step 3: Make node_u the convener-node of  the  light trail. 
Step 4: Update vertex_set by removing node_u from it. 
Step 5: Repeat until vertex_set is not NULL 
5.1: Choose a node node_v from vertex_set which is adjacent to node_u having smallest degree 
5.2: Join {node_u,node_v} by an edge 
5.3: Update vertex_set by removing node_v from it 
 5.4: make node_v  as node_u 
Step 6.1: Make node_u the end-node of the light trail 
Step 6.2: Make end-node as convenor_2 and convenor-node as end_2 for reverse light trail. 
 
// divide the traffic-flow-matrix into downstream_matrix and upstream_matrix 
Step 7: Repeat for each traffic-flow of traffic-flow-matrix 
 7.1: if traffic-flow is downstream then assign it to downstream-matrix 
         else assign it to upstream-matrix 
 
 
//satisfying traffic flow of downstream traffics 
Step 8: Repeat for each traffic in downstream_matrix 
 8.1: Find the source-destination nodes of the traffic flow within the direct light trail. 
 8.2: Satisfy the traffic flow in the light trail 
 
//satisfying traffic flow of upstream traffics 
Step 9: Repeat for each traffic in upstream_matrix 
 9.1: Find the source-destination nodes of the traffic flow within the reverse light trail. 
 9.2: Satisfy the traffic flow in the light trail 
 
Step 10: End of the algorithm 
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4.  Complexity Analysis 
Theorem 1: 
The complexity of SLTA is O(n2). 
Proof:  
Step 1 repeats (n) times, within step 1 step 1.1 is a linear traversal which is of O(n). Step 5 repeats (n-1) times. 
Step 7 repeats for c times. Step 8 repeats for (c-k) times. Within step-8, step-8.1 is a linear search which is of O(n). 
Step 9 repeats for k times. Within step-9, step-9.1 is a linear search which is of O(n). As k is less than n, complexity 
of the algorithm is (n)(n)+(n-1)+(n)(c-k)+(n)(k) which is also equal to O(n2). 
Correctness proof 
Lemma 1: 
Algorithm SLTA eventually terminates. 
Proof: 
All the repeating loops used in this algorithm execute for finite amount of time as n, c and k are finite. Hence the 
algorithm terminates after a finite amount of time 
 
Lemma 2: 
At the termination of the algorithm all the traffic flow are satisfied. 
Proof:  
Step 7 divides the entire traffic-flow-matrix containing c traffic-flows into downstream-matrix and upstream-
matrix containing (c-k) and k traffic flows respectively. Step 8 satisfies (c-k) downstream-traffic-flows. Step 9 
satisfies k upstream-traffic-flows. Thus total c traffic-flows are satisfied. 
 
Lemma 3: 
No two nodes transmit at the same time. 
Proof: 
For satisfying downstream traffic-flow every time step 8 is repeated after some finite amount of time. And for 
satisfying upstream traffic-flow every time step 9 is also repeated after some finite amount of time. Thus no two 
nodes transmit traffic-flow at the same time. 
 
Lemma 4: 
Upstream and downstream connection cannot exist simultaneously. 
Proof: 
In step 7 the entire traffic-flow-matrix is divided into upstream-matrix and downstream-matrix and flows of each 
matrix is satisfied separately in steps 8 and 9. Thus upstream and downstream connection does not exist 
simultaneously. 
 
Theorem 2: 
Algorithm SLTA is correct. 
Proof: 
Follows from lemma 1, 2, 3 and 4 
      
5. Results and Comparison 
The proposed heuristic is applied on two different networks. Fig. 3 shows the physical topology of the network 1 
having 10 nodes and 14 links. Table 1 shows the adjacency matrix of network 1 and Table 2 shows the traffic-flow 
requests. Fig. 4 shows the assigned light trail in the given topology. Fig. 5 shows a simplified view of the light trail. 
Table 3 and Table 4 represent the downstream-matrix and upstream-matrix respectively. Table 5 shows the path of 
the satisfied traffic flows.  
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Fig.6 shows the physical topology of network 2 having 14 nodes and 23 links. Table 6 shows the adjacency 
matrix of network 2. Fig. 7 is the assigned light trail of the given topology.  
Table 7 shows the comparison of the proposed heuristic (SLTA) with other existing algorithms 
 
Fig. 3 Network 1 with 10 nodes and 14 links 
 
                                                     Table 1.  Adjacency Matrix for network 1. 
 0 1 2 3 4 5 6 7 8 9 
0 0 1 0 0 1 1 0 0 0 0 
1 1 0 1 0 0 1 0 0 0 0 
2 0 1 0 1 0 0 0 0 0 0 
3 0 0 1 0 0 0 1 0 0 0 
4 1 0 0 0 0 0 0 1 0 0 
5 1 1 0 0 0 0 1 1 0 0 
6 0 0 0 1 0 1 0 1 1 0 
7 0 0 0 0 1 1 1 0 0 1 
8 0 0 0 0 0 0 1 0 0 1 
9 0 0 0 0 0 0 0 1 1 0 
 
Table 2. Traffic Matrix (Connection Request) for network 1 
Serial. No Source  Destination  
1 1 5 
2 2 7 
3 9 3 
4 4 1 
5 1 8 
6 6 1 
7 3 6 
8 7 2 
9 7 4 
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Fig. 4 Assigned direct light trail in the network 1 
 
 
 
Fig. 5 Simplified direct light trail of network 1 
 
Table 3. Downstream Matrix (Based on Fig.5). 
Serial. No Source  Destination  
1 1 5 
2 2 7 
4 4 1 
6 6 1 
7 3 6 
9 7 4 
 
Table 4. Upstream Matrix (Based on Fig.5). 
Serial. No Source  Destination  
3 9 3 
5 1 8 
8 7 2 
 
Table 5. Path of Satisfied Requests. 
Serial. 
No 
Source  Destination  Routing Path  Downstream/ 
Upstream 
1 1 5 1-5 D 
2 2 7 2-3-6-8-9-7 D 
4 4 1 4-0-1 D 
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6 6 1 6-8-9-7-4-0-1 D 
7 3 6 3-6 D 
9 7 4 7-4 D 
3 9 3 9-8-6-3 U 
5 1 8 1-0-4-7-9-8 U 
8 7 2 7-9-8-6-3-2 U 
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Fig. 6 Network 2 with 14 nodes and 23 links 
 
Table 6. Traffic Matrix (Connection Request) for network 2. 
Serial. No Source  Destination  
1 7 6 
2 12 5 
3 9 3 
4 1 7 
5 5 9 
6 11 2 
7 8 13 
8 4 6 
9 9 10 
10 11 9 
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Fig. 7 Assigned light trail in the network 2 
 
Table 7. Comparison of Various Algorithms on Two Different Networks. 
 
Algorithm  Network-1 For  10 Nodes 
Number of 
Light Trail 
Assigned 
Network-2 
For  14 Nodes 
Number of 
Light Trail 
Assigned 
 
Complexity  
Proposed  
(SLTA) 
2 2 O(n2) 
HLPS[5] 6 8 O(n3) 
PNPS[5] 7 9 O(n3) 
LPHL[5] 6 8 O(n3) 
LTA[6] 6 8 O(|LT|LMAX4n3) 
 
6. Conclusion 
In this paper, an efficient algorithm for light trail assignment is presented. For a given static traffic flow, the 
algorithm is able to route them all by assigning two light trails. This algorithm works perfectly fine with all the 
networks having a Hamiltonian path. Our work assumes that the length of the light trail may be greater than five 
hops. The complexity of the algorithm is shown to be O(n2), where n is the number of nodes in the network. 
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